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Introduction
The Upper Neosho and Cottonwood River watersheds, located in east-central Kansas, drain about 3,015 square miles (mi 2 ) and are the primary inflows to the John Redmond Reservoir (Lee and others, 2008; fig. 1A) . Sedimentation rate in the John Redmond Reservoir was estimated as 743 acre-feet per year for . This is over 80 percent larger than the projected design sedimentation rate of 404 acre-feet per year, and resulted in a loss of 40 percent of the conservation pool (Kansas Water Office, 2012) . Based on data from the Kansas Department of Health and Environment and the U.S. Geological Survey (USGS), the Kansas Water Office (the state agency responsible for water policy and planning) determined that the greatest sediment yield occurred along an 8.3 mile reach of the main stem of the Neosho River located downstream of the confluence with the Cottonwood River ( fig. 1A ; Kansas Water Office, 2009). In order to reduce sediment yields along this reach, engineered stabilization features including grading, adding riprap, rock vanes, and vegetation were constructed and installed at 12 sites ( fig. 1B ) from late summer 2010 through spring 2011 (Kansas Water Office, 2010) .
The USGS, in cooperation with the Kansas Water Office and funded in part through the Kansas State Water Plan Fund, continuously monitored water-quality on the Neosho and Cottonwood Rivers before, during, and after construction of stabilization features to assess the efficacy of stream bank stabilization efforts. USGS study sites were located upstream 
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Purpose and Scope
The purpose of this report is to document regression models that establish relations between continuously measured turbidity, streamflow, and discretely collected suspendedsediment concentration (SSC) data at the Burlingame, Cottonwood, and Neosho Rapids sites ( fig. 1A and 1B) . The regression models were developed using data collected from June 2009 through September 2012. These models are useful for evaluating the variability of SSC concentrations during rapidly changing conditions, computing loads and yields to assess SSC transport through the watershed, and for providing more accurate load estimates compared to streamflow-only based estimation methods used in the past (Rasmussen and others, 2009) . Models may be used to calculate concentrations, loads, and yields to assess the efficacy of streambank stabilization efforts. The water-quality information in this report allows SSC to be estimated in real time, and characterized over conditions and time scales that would not otherwise be possible.
Description of Study Area
The Upper Neosho and Cottonwood River watersheds ( fig. 1A) fig. 1A) .
Land use in the Upper Neosho River and Cottonwood River basins is mostly grassland, but there are some areas of cultivated cropland in the upper Cottonwood River watershed and along the Neosho River main stem corridor ( fig. 1A) . Upstream from the Neosho Rapids site (including the Neosho and Cottonwood watersheds), 21 percent of land use is cropland, 69 percent is grassland and pasture, 4 percent is urban, and the remaining is a combination of forest, wetlands, or water ( fig. 1A ; Fry and others, 2011).
Methods
Turbidity, streamflow, and SSC data were collected at three sites in the Neosho and Cottonwood basins; two sites were located on the Neosho River and one was located on the Cottonwood River. Data collected by the USGS during June 2009 through December 2012 were used to evaluate the relations between continuous real-time turbidity data and discrete SSC samples in the Neosho and Cottonwood Rivers.
Continuous Water-Quality Monitoring
Streamgages and water-quality monitors were installed in August 2009 and operated through December 2012 at the Burlingame and Cottonwood sites. The Neosho Rapids site was installed in August 2009 and is still in operation (as of 2014). Sites were equipped with YSI (Yellow Springs International Inc., 2010) water-quality monitors that measured specific conductance, water temperature, and turbidity (YSI model 6136). Monitors were housed in 4-inch polyvinyl chloride (PVC) pipes with holes drilled to facilitate flow through the installation and were suspended from bridges approximately 1 to 2 feet (ft) below the water surface. Suitable locations were selected to represent sediment transport upstream and downstream from streambank stabilization sites, and were located far enough upstream from the John Redmond Reservoir ( fig. 1A ) to avoid backwater conditions. During winter months, monitors were moved to nearby deep pools and set to log internally to prevent ice damage. During these winter periods, monitors were serviced, and data were downloaded monthly or as conditions allowed.
Data were collected every 15 minutes at Burlingame and Neosho Rapids, and every 30 minutes at Cottonwood because of data storage limitations imposed by the acoustic velocity and stage sensors installed at the site; these data are available on the USGS website at http://waterdata.usgs.gov/ks/nwis. Monitor maintenance and data reporting generally followed procedures described in Wagner and others (2006) with the exception of increased length between calibration checks (approximately 2-3 months) because of minimal calibration drift experienced with these sensors. Monitor cleanings were completed approximately every 6 weeks or as needed. Turbidity records generally were rated good (error of 5-10 percent) and occasionally fair (10-15 percent) on the basis of guidelines developed by Wagner and others (2006) .
Stage sensors approved by the USGS were installed to measure water levels using methods described in Sauer and Turnipseed (2010) . Streamflow was measured and calculated using methods described in Kennedy (1983) , Lavesque and Oberg (2012) , Oberg and others (2005) , Rantz (1982), and Turnipseed and Sauer (2010) . Ratings comparing gage height and streamflow were developed using streamflow measurements and methods described in Kennedy (1984) .
Suspended-Sediment Concentration Samples
SSC samples were collected using methods described in Gray and others (2008) , Nolan and others (2005) , and Wilde (variously dated), from June 2009 through December 2012. Samples were analyzed for SSC, percentage of sediments less than 63 micrometers (µm; sand-fine break), and loss of material on ignition (analogous to amount of organic matter). Selected samples also were analyzed for grain-size distribution (percent of sediment less than 2, 4, 8, 16, and 31 µm in diameter). Samples were analyzed at the USGS Sediment Laboratory in Iowa City, Iowa, using methods described by Guy (1969) . Discrete sample data for SSC, turbidity, and streamflow at the three study sites are contained in appendix tables 1-1, 2-1, and 3-1.
Quality Assurance and Quality Control
Turbidity values were measured across the width of the stream during the collection of SSC samples. Mean values of cross-sectional turbidity measurements were compared with fixed continuous turbidity sensors to confirm the ability of the continuous turbidity sensor to accurately represent turbidity throughout the stream cross-section ( fig. 2 ). Fixed continuous turbidity sensors represented between 96 and 99 percent of the cross-sectional variability of turbidity (computed by plotting cross-sectional mean as compared with continuous turbidity sensor value at time of sample), and linear relations had slopes between 0.91 and 0.98 ( fig. 2 ). There was more variability between the continuous turbidity sensor and the crosssectional measurements of turbidity at higher flows, which was likely caused by rapidly changing conditions. Measurements that plotted outside of a 1:1 fit likely were caused by localized differences in turbidity or instrument error. Because consistent bias was not observed, values from continuous water-quality monitors were considered representative of stream water-quality conditions.
No other quality-assurance samples were collected because of the large number of samples collected over the study period, and the lack of variability typically seen in turbidity as compared to SSC regressions in Kansas studies (Foster and others, 2012; Juracek, 2011; Lee and Ziegler, 2010) . Numerous samples were collected at similar turbidity values and flows ( fig. 2 ).
Development of Regression Models to Compute Suspended-Sediment Concentrations
Ordinary-least squares regression equations were developed to compute continuous, 15-minute estimates of SSC from streamflow and in-stream turbidity measurements using methods described in Rasmussen and others (2009) . SSC, turbidity, and streamflow relations were evaluated at each site using single linear regressions (SLR) for normal and log-transformed data using the USGS Sediment Spreadsheet (Rasmussen, 2010) . Regression models were evaluated based on diagnostic statistics (R 2 , coefficient of determination; R 2 a , adjusted coefficient of determination; C p , Mallow's; RMSE, root mean square error; MSPE, model standard percentage error; and PRESS, prediction error sum of squares), and the range and distribution of discrete SSC and continuous turbidity data (Helsel and Hirsch, 2002) . Regression relations using log-transformed data were transformed back to original units, which results in a low-biased estimate (Helsel and Hirsch, 2002) . Therefore, a bias-correction factor (Duan, 1983) was calculated. Uncertainty of regression estimates were determined by calculating 90-percent prediction intervals (Rasmussen and others, 2009).
Regression Model Results for Suspended-Sediment Concentration
Regression models for SSC using turbidity as the explanatory variable were developed using data collected during June 2009 through December 2012 ( fig. 3 ; table 1). Additional streamflow-based models to estimate SSC using streamflow as the independent variable were developed to allow computation of SSC when turbidity data were unavailable because of fouling or sensor malfunction ( fig. 4 ; table 1). Turbidity-based SSC models explained between 95 and 97 percent of the variance in SSC ( fig. 3 ; table 1). Similarities in slope between turbidity-based regressions at all three sites ( fig. 3 ) indicate similarities in sediment grain-size and color. Streamflowbased regressions explained 53 to 60 percent of the variance; the lower explanatory power compared with turbidity-based models is expected from streamflow-based regression relations with SSC ( fig. 4 ; table 1; Rasmussen and others, 2009). As described in Rasmussen and others (2009) MSPE is the RMSE expressed as a percent and represents model uncertainty associated with regression-computed values. The lower a MSPE value, the lower the uncertainty in regression computed values. MSPE for turbidity-based regression relations ranged from -32 to 48 percent, while MSPE for discharge-based regression relations ranged from -69 to 218 percent. A measure of the quality of a regression relation is the PRESS statistic, which when minimized, indicates the relation with the least amount of error when making new predictions (Helsel and Hirsch, 2002) . The PRESS statistic for turbidity-based regressions ranged from 0.30 to 0.83; streamflow-based regression PRESS statistics ranged from 5.14 to 7.41 (table 1). 
Summary
The Neosho River and its primary tributary, the Cottonwood River, are the primary sources of inflow to the John Redmond Reservoir. The John Redmond Reservoir has lost more than 40 percent of its conservation pool storage since its construction in 1964 because of a sedimentation rate nearly 80 percent larger than the original rate projected during construction planning. In order to reduce sediment input into the reservoir, the Kansas Water Office implemented stream bank stabilization techniques along an 8.3 mile reach of the Neosho River during August 2010 through March 2011.
The U.S. Geological Survey, in cooperation with the Kansas Water Office and funded in part through the Kansas State Water Plan Fund, collected discrete suspended-sediment concentration samples and operated continuous real-time water-quality monitors with turbidity sensors upstream and downstream from stream bank stabilization efforts before, during, and after construction from June 2009 through December 2012.
Discrete water-quality samples were collected from June 2009 through September 2012 and analyzed for suspendedsediment concentration (SSC), percentage of sediments less than 63 micrometers (µm; sand-fine break), and loss of material on ignition (analogous to amount of organic matter). Regression models were developed to establish relations between discretely sampled SSC samples, and turbidity or streamflow that can be used to estimate continuously SSC.
Continuous turbidity sensors represented between 96 and 99 percent of the variability in cross-sectional turbidity SSC, and had slopes between 0.91 and 0.98 when plotted against cross-sectional means. Because consistent bias was not observed, values from continuous water-quality monitors were considered representative of stream conditions. On average, the turbidity-based SSC models explained 96 percent of the variance in SSC. Similarities between turbidity-based regressions at all three sites indicate similarities in sediment grainsize and color. streamflow-based regressions explained 53 to 60 percent of the variance in SSC. MSPE for turbidity based regression relations ranged from -32 to 48 percent, whereas MSPE for streamflow-based regressions ranged from -69 to 218 percent.
These models can be useful for evaluating variability of SSC during rapidly changing conditions, computing loads and yields to assess SSC transport through the watershed, and for providing more accurate load estimates compared to streamflow-only based methods used in the past. The water-quality information in this report is important to the Kansas Water Office because it allows SSC to be estimated in real time and characterized over conditions and time scales that would not otherwise be possible. MODEL DEVELOPMENT-The use of turbidity or streamflow as explanatory variables has been documented in several USGS publications, and the procedure has been documented by Rasmussen and others (2009). Regression analysis was done using the Sediment Spreadsheet (Rasmussen, 2010), which examined both turbidity and streamflow as possible explanatory variables for estimating suspended-sediment concentration. Different combinations of untransformed and log 10 -transformed data were evaluated. The model incorporating suspended-sediment concentration and log 10 -transformed turbidity data were selected as the best model on the basis of comparisons of residual plots, coefficient of determination
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), Mallow's C p , root mean square error (RMSE), model standard percentage error (MSPE), and prediction error sum of squares (PRESS). The best streamflow-based model was selected using the same statistical parameters for use in periods when turbidity data are not available.
MODEL SUMMARY-Summary of final regression analysis
for suspended-sediment concentration at 07179750 Neosho River at Burlingame Road near Emporia, Kansas. MODEL DEVELOPMENT-The use of turbidity or streamflow as explanatory variables has been documented in several USGS publications and the procedure has been documented by Rasmussen and others (2009) . Regression analysis was done using the Sediment Spreadsheet (Rasmussen, 2010), which examined both turbidity and streamflow as possible explanatory variables for estimating suspended-sediment concentration. Different combinations of untransformed and log 10 -transformed data were evaluated. The model incorporating suspended-sediment concentration and log 10 -transformed turbidity data were selected as the best model on the basis of comparisons of residual plots, coefficient of determination
), Mallow's C p , root mean square error (RMSE), model standard percentage error (MSPE), and prediction error sum of squares (PRESS). The best flow-based model was selected using the same statistical parameters for use in periods when turbidity data are not available. MODEL DEVELOPMENT-The use of turbidity or streamflow as explanatory variables has been documented in several USGS publications and the procedure has been documented by Rasmussen and others (2009) . Regression analysis was done using the Sediment Spreadsheet (Rasmussen, 2010), which examined both turbidity and streamflow together as explanatory variables for estimating suspended-sediment concentration. Different combinations of untransformed and log 10 -transformed data were evaluated. The model incorporating suspended-sediment concentration and log 10 -transformed turbidity data were selected as the best model on the basis of comparisons of residual plots, coefficient of determination
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